CCS Implementation in the Netherlands  by Hendriks, Chris & Koornneef, Joris
 Energy Procedia  63 ( 2014 )  6973 – 6981 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.730 
GHGT-12 
CCS Implementation in the Netherlands 
Chris Hendriks*, Joris Koornneef 
Ecofys, Kanaalweg 15-G, Utrecht, the Netherlands 
Abstract 
The Dutch CATO CCS research community has established an implementation plan for CCS in the Netherlands including a 
CATO CCS roadmap. The roadmap comprises 26 actions which need to be implemented within the next ten years. The actions 
address five different CCS themes or issues which need to be covered to successfully implement large-scale CCS. The roadmap 
has been established in close cooperation with main CCS stakeholders. As guidance for the roadmap, a vision on CCS in the 
Netherlands for 2050 has been developed. The vision depicts the view of the stakeholders on the role of CCS in the energy 
system.  
This roadmap can serve as a solid foundation for CCS stakeholders from both industry and government but also from universities 
and research institutes to define their next activities. The government can make use of it by defining their short and medium-term 
CCS action plan. The roadmap is presented in an interactive form on a website that allows stakeholders to directly find relevant 
information on the actions and background information.  
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1. Introduction 
Carbon capture and storage (CCS) is an important technology to reach climate targets in a cost-effective way. The 
technology could serve as a bridging technology towards a fully sustainable energy system. Scenario analyses from 
IEA, Global Energy Assessment and IPCC [1] [2] [3] and many others indicate the vital role of CCS in reducing 
emissions of carbon dioxide towards 2050 and beyond. Especially scenarios that comply with the target to limit 
average temperature increase by two degrees Celsius compared to pre-industrial level indicate that CCS is required. 
According to the modellers, leaving out CCS from the set of low-carbon options will most likely lead to substantial 
increase in compliance costs. 
However, the development of carbon capture and storage is currently stagnating in Europe, including the 
Netherlands. Stakeholders do not invest in CCS due to uncertain long-term perspectives for the technology. 
Authorities hesitate to create the right conditions for CCS implementation as they have doubts on many aspects with 
respect to the technology, including public concerns, economic viability and spatial issues. Large-scale 
 
 
* Corresponding author. Tel.: +31-30-6623393; fax: +31-30-6623300. 
E-mail address: c.hendriks@ecofys.com 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
6974   Chris Hendriks and Joris Koornneef /  Energy Procedia  63 ( 2014 )  6973 – 6981 
implementation of CCS asks therefore for clear and sustained regulatory, organisational and financing structures, 
including a (long-term) vision of the role of CCS in the society and in the energy system. Also the timing of 
decisions and corresponding actions will be crucial to get CCS deployed. Therefore, there is a need for a clear, 
agreed and well-supported CCS development path.  
 
The question we pose is: “How can implementation of CCS in the Netherlands be realised?” To answer this 
question requires identification and clear communication of the challenges to overcome and the actions that need to 
be taken, when and by whom. 
 
In this paper we shortly describe what we mean by an Implementation Plan and CCS Roadmap; the process we 
followed to create the Plan and the results of the stakeholders’ participation and the subsequent analysis. In addition 
we provide some examples of actions included in the Roadmap. 
 
2. CCS Implementation Plan 
To understand the mismatch between the sense of urgency at the one hand and the slow implementation 
development at the other hand we identified the main hurdles in CCS development and what is required to speed up 
the process towards large-scale deployment in the Netherlands. This resulted in a CCS implementation Plan for the 
Netherlands. This plan is prepared in close collaboration with the CCS community and is based on the research 
performed in the CATO project. An important part of the plan is the CCS roadmap. In this roadmap CATO defines 
actions to speed up the development and deployment of CCS in the Netherlands. 
The CCS Implementation Plan for CCS in the Netherlands is developed to support the Dutch government and 
other stakeholders. The Implementation Plan clarifies what decisions and actions are needed on the short, mid and 
longer term to provide the right and sustained conditions for CCS deployment in the Netherlands. In addition, it 
defines the roles and responsibilities of stakeholders beyond the demonstration phase of CCS. The Implementation 
Plan will help to build a common understanding between the different stakeholders on who should act, how to act 
and when to act. It also gives clarity on the expectations of the various stakeholders towards other stakeholders. The 
Implementation Plan is based on the views and visions of relevant CCS stakeholders and draws upon the results 
obtained in the CATO programme. 
2.1. What is the CCS Roadmap? 
The aim of the roadmap is to describe actions needed to accelerate CCS development and deployment to levels 
that would allow CCS to fulfil its CO2 reduction potential. In addition, the roadmap identifies main responsibilities 
for government and industry stakeholders to take up the actions to move further with CCS. The roadmap is most of 
all meant for CCS stakeholders and others with interest in CCS. The scope of the roadmap is the Netherlands. It 
concerns CCS development towards 2050, but the focus on actions is put on the short to medium term (next ten 
years). After that period, CCS needs to be a commercially viable technology that should not need further specific 
supporting actions from the government. The CCS roadmap is developed within the scope of the Netherlands’ CCS 
research programme CATO. The roadmap is not an official document of the Netherlands’ government or from the 
organisations collaborating in the CATO programme. This roadmap, however, can provide valuable input for 
drafting an official governmental endorsed CCS roadmap 
2.2. How the CCS roadmap has been constructed? 
The roadmap was constructed through a tailor-made process. First, the Dutch stakeholders created a consistent 
CCS vision for 2050. Subsequently, CCS stakeholders and other closely involved in CCS development, identified 
opportunities, barriers and challenges in implementation of CCS. This was followed by defining actions needed to 
achieve the vision, to overcome the barriers and challenges and to make use of the opportunities. Through meetings 
and internet consultations, the actions were completed, improved and further defined and responsibilities assigned. 
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We grouped the actions into themes or ‘issues’. This resulted in a roadmap with defined routes, actions and 
responsibilities commonly created by the main CCS stakeholders. 
2.3. The 2050 CCS vision 
To understand a possible future for CCS in the Netherlands and to create a common understanding on the role of 
CCS between stakeholders a vision on CCS for 2050 has been developed. Constructing a vision becomes particularly 
important in multi-stakeholder efforts in which the different partners may have different ideas of what should be 
accomplished. A vision describes an ideal image or the desired end-state of development. It is an image of how a 
society could be in the future and to plan how this vision could become a reality in a suitable way. A vision may be 
somewhat idealistic, but should be grounded in the realities of existing or anticipated markets, strategies and cost and 
resource limitations. Our 2050 CCS vision summarizes the purpose and intent of CCS and it describes on a high 
level what the energy system would look like when it includes CCS. The CCS vision reflects a balanced view that 
will satisfy the needs of diverse stakeholders that have to adopt the technology as well as those of the developing and 
facilitating organisations. 
 
The CCS vision is built around four main elements: geographical scope of 
CCS; whether the Netherlands is a leader or follower in CCS technology 
development; the market share of CCS; and its timing towards 2050 and what 
kind of industry will apply CCS. To guide the mind, the vision is considered 
from different perspectives, i.e. economic, legal, technical, spatial and public 
dimension. The interaction between these dimensions is regarded as the 
‘organisation’ dimension. The basic idea is that every dimension can be a 
bottleneck or driver during the implementation of CCS. CCS can move forward 
only when the dimensions fulfil a certain set of minimum requirements.  You can 
find the constructed vision below. 
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2050 CCS Vision  
 
Story line 
In 2050, CCS is common technology. This was different at the start of CCS implementation, when CCS was seen 
as an expensive and risky approach to combat climate change. Despite the initial local public resistance to the 
technology, the Netherlands was a frontrunner of this technology exploiting substantial R&D activities. These R&D 
activities were directed to strengthen the industrial position of the Netherlands and to stimulate the export market. 
The main areas of developed expertise are services in transport and storage. Examples of storage services provided 
are site identification and characterization, and monitoring of storage locations. Furthermore, other countries learn 
from Dutch expertise – largely obtained from the natural gas infrastructure development - in developing 
transportation networks. 
 
In 2050, CCS contributes substantially to emission reductions. About two-fifths of the CCS is applied in the 
industrial sector, two-fifths in the power sector and one-fifth in the transport sector. About 35% of the electricity is 
produced from fossil fuels and about 50% of the fossil-fuel related CO2 is captured and stored. After 2025 new 
fossil-fuel power plants were obliged to install CCS. No dedicated coal fired power plants have been built since 
2020. Natural Gas Combined Cycles (NGCC) and (sustainable) biomass-coal fired power plants are the dominant 
power production technologies. 
 
Commercial CCS activities started in the Netherlands shortly after 2020. These early commercial developments 
took place mainly at industrial processes where pure CO2 is one of the products. After this first phase, other 
industries with less pure CO2 sources followed. The power sector followed in 2025 and after 2030 the large-scale 
roll-out of biofuel production with CCS for the transport sector has been realised. 
 
Economics 
CCS faces increasingly competition of renewables in reducing CO2 emissions. The power grid has been enforced 
substantially and extended to facilitate the large integration of renewables which are often small-scale decentralized 
units characterized by intermittency of the electricity produced. The structural change of the power grid makes it 
less attractive to connect large (base-load) power production units. CCS remains important for industrial 
applications where alternatives are less available. The chemical industry captures CO2 as a source of carbon for 
their production processes. 
The carbon market functions well and provides a stable environment to invest in emission reduction measures. 
The carbon price is sufficient to implement CCS projects, but margins get under pressure. Storage costs increase as 
revenues from enhanced hydrocarbon recovery are diminishing and the capacity of the best accessible reservoirs 
already has been filled up. Due to the existing and gradually expanding network infrastructure, the transport costs 
per tonne of CO2 decrease. 
 
Technology 
New capture technologies substantially reduced the energy use for capturing CO2. The main fossil fuel power 
production technology in the Netherlands is NGCC. This technology provides high flexibility and is complementary 
to the (intermittent) renewable energy production units. Furthermore, CCS is increasingly combined with the use of 
biomass, resulting in ‘negative’ CO2 emissions. Biomass-CCS is applied to new facilities and existing coal-fired 
power plants. Due to the high costs and high economic risks of developing capture technology, Dutch research 
institutes participate mainly in international partnerships to jointly bear the high development costs. The 
Netherlands has a strategic position in providing internationally services in the field of CO2 storage. This strong 
position is the result of dedicated research activities in the field of geological site characterization and developing 
monitoring techniques. The high-quality transport services originate from the expertise obtained with the natural 
gas infrastructure development. Also the geographical advantageous position of the Netherlands to become a 
transport hub (between major supply and storage locations) made that knowledge and services on transport has 
been successfully developed. 
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Spatial planning 
A transboundary CO2 infrastructure exists that covers North West Europe. The network is mainly concentrated 
around the North Sea with the UK, Germany, the Netherlands and Denmark supplying the largest volumes of CO2. 
The Rotterdam harbour functions as a CO2-hub and pipeline connections with Germany and the North Sea are in 
place. A large trunk line transports CO2 to Norway (Utsira formation). The Eemshaven region in the North of the 
Netherlands is not connected to the offshore pipeline network but uses ships to transport CO2 to offshore fields. 
When the large scale role out of CCS started in 2025 ships played an important role in transporting the CO2 from 
the mainland to offshore storage locations. They provided the required flexibility for the CO2 infrastructure. By 
2050, some overseas trajectories - initially served by ships with proven structural demand for CO2 - have been 
equipped with pipelines. But still a considerable share of the total CO2 volume is transported by ships. 
When the first (commercial) CCS projects started operations, the captured CO2 was used mainly in enhanced oil 
recovery projects in the North Sea. In this period empty gas fields and aquifers functioned to balance the demand 
and supply fluctuations, i.e. when in a certain period the supply of CO2 is too high, the surplus is stored in such 
reservoirs. The dominance of CO2 use for enhanced oil recovery remained until mid-thirties. Due to increased 
supply of CO2 and the reduced availability of suitable oil fields the share of enhanced oil recovery has decreased 
and most of the captured CO2 is currently stored in empty gas fields and aquifers. 
 
Public perception 
A vast majority of the population in the Netherlands and Europe accepts CCS as a necessary climate change 
mitigation option. Local opposition to individual projects hardly occurs. In the North of the Netherlands a local 
coalition of the public is lobbying for CO2 injection in the Slochteren gas field. They are afraid that the further 
depletion of the gas field will lead to increased subsidence of the ground. Re-pressurization by injecting CO2 would 
prevent this from happening. 
 
3. The roadmap actions and issues 
During the process of preparing the roadmap, a set of 26 actions have been defined that covers all the elements 
required to progress on CCS development and deployment. The actions have been categorised in five themes or 
‘issues’. These issues comprise the full economic and social scope in which CCS needs to operate. The actions and 
issues are depicted in a roadmap symbolised by metro lines (issues) and stations (actions). The picture below shows 
a graphical representation of the roadmap. Clearly, one action could address more than one issue. In the following 
section the issues are shortly described and we provide two examples of required actions. 
3.1. Issues to move CCS forward 
Towards full scale deployment of CCS, still many hurdles have to be taken before CCS can be deployed at large 
scale. As explained, these hurdles can be subdivided into five categories, which we refer to as 'issues'. Each issue 
needs to be addressed sufficiently to remove the barriers towards deployment and create a situation that CCS can be 
a competitive technology to abate CO2 emissions. To address the issues, separate actions per issue have been 
formulated, including who is the main initiator and what need to be the time frame for implementation of the action. 
These actions could only be implemented by strong commitment from multiple stakeholders including the 
government. The five issues are defined as follows. 
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Role of CCS in abating CO2 emissions: The CCS technology can only be part 
of a broader portfolio of mitigation measures if its role is well-understood and 
accepted by the stakeholders. The benefits and trade-offs of the technology in 
climate action on the short and longer term needs to be - as much as possible - 
clear and accepted by all stakeholders, including the public.  
  
Research and development to improve performance of CCS and improve 
stakeholder capacity building: CCS technologies are not yet sufficient developed to 
be commercially applicable. More R&D is needed to bring down costs, reduce the 
energy penalty and make available a reliable technology: CCS technology has to 
move down the learning curve. R&D is also required for understanding the social and 
environmental aspects of CCS implementation. 
  
Improvement of economic conditions to accelerate the deployment of CCS: 
The economic conditions should be improved to make CCS economically viable. 
Currently the costs of CCS are considerably higher than the revenues from EU ETS. 
To make the technology commercially viable, costs need to go down and adequate 
incentives regimes need to be established. 
  
Establish short, effective and transparent procedures to develop and 
implement CCS projects: Investors and project operators should have sufficient 
confidence that the planning, design and construction phase of the project is 
sufficiently short and effective to execute a CCS project. 
  
CCS project developers need sufficient certainty about long-term spatial 
planning, long-term political commitment and economic viability: Investors 
should get sufficient confidence and insight into long-term planning of CCS 
infrastructure (both transport and storage). Effective large-scale implementation of 
CCS can be obtained only when project developers have sufficient certainty about 
long-term spatial planning, having long-term political commitment and sufficient 
certainty on economic viability. 
 
Below are two examples of actions provided which are part of the roadmap. 
 
 
Name of the action: Certify CO2 storage reservoirs. 
Description: Determine which fields are allowed for CO2 storage through reservoir characterisation and 
certification by an independent party. 
Issue(s) addressed: Facilitate projects, Long-term certainty 
Objective: When in an early stage more certainty is provided concerning availability of storage capacity, projects 
can be implemented faster while reducing costs. It will also provide possibilities to engage public at a very early 
stage of a CCS project. 
What are results of the action: The result of this action is a one-stop permitting shop for selected storage sites and 
pro-active certification of CO2 storage reservoirs. This will result in a list of available storage reservoirs complying 
with the legal and regulatory requirements for storing CO2. 
Who should initiate it and when should the action be implemented: The government appoints an independent 
party, which carries out storage reservoir characterisation and certification. The costs for characterisation and 
certifying storage reservoirs should be recovered through fees paid by project developers actually storing CO2. The 
identification, characterisation and certification should start during the CCS demonstration phase, but preparatory 
work should start earlier. 
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Name of the action: Develop local community communication strategy. 
Description: Define a vision on and strategy for project specific communication for local communities close to a 
CCS project. The communication strategy should be developed and supported by broad set of stakeholders with 
different interest in CCS, including authorities, industry and (environmental) NGOs. 
Issue(s) addressed: Facilitate projects 
Objective: Support of local community is essential for successful implementation of CCS projects. Communication 
is required to explain the choice of technology and location, and the potential impact of the project on the 
community and environment. Communication can only be successful if correct and adequate information is provided 
by a trusted messenger, preferably in the form of a stakeholder coalition. The presence of a common and agreed 
approach which can be applied to individual projects may lead to improved communication (better and faster) and 
with it a higher chance of implementing CCS projects. Such common approach most likely need adaptation for each 
specific project. 
What are results of the action: The result of this action is a common strategy from government and other 
stakeholders to communicate with the local public. 
Who should initiate it and when should the action be implemented: This action should be initiated by the 
government in close cooperation with all stakeholders, including NGOs and industry. This communication strategy 
should be in place at the start of the demonstration phase. 
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4. Dutch CCS Implementation Plan website 
The information on the Implementation Plan, including the roadmap is accessible through website http://ccs-
roadmap.ecofys.com/. This website contains the roadmap and background information with relevance to future 
implementation of CCS. Amongst others, it provides a history of the CCS development in the Netherlands, a story 
line explaining the role of CCS in the energy system, existing and potential policies, financing mechanisms and 
regulations and a wide set of topics as commercialisation aspects, governance issues and field strategies. The 
website also provides six different CCS scenarios for the Netherlands towards 2050.  
5. Conclusion 
The progress of developing CCS in the Netherlands and Europe is slowing down. Partners from the Dutch CATO 
programme made a 2050 CCS vision and identified actions to reach the vision. These actions are visualised in the 
CATO CCS roadmap. This information can very well serve as a solid foundation for CCS stakeholders from both 
industry and government but also from universities and research institutes to define their next activities. The 
government can make use of it by defining their short and medium-term CCS action plan.  
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